INTRODUCTION
Aggregate labor productivity (ALP) growth or growth of output per unit of labor is a major factor in achieving the economy's overall goals such as improving living standards, by increasing incomes, as well as enhancing market competitiveness, by improving efficiency.
Thus, ALP growth analysis may be of interest to both technical researchers and policy makers.
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To pursue the above objective, this paper applies the ALP growth decomposition originally devised by Tang and Wang (2004) for output in CVM in Canada and the US to output in constant prices in other countries. In this paper, the Tang-Wang ALP growth decomposition is called the "generalized exactly additive" (GEAD) decomposition since it is "generalized" here from CVM to output in constant prices and "exactly additive" because with either output measure the sum of contributions exactly equals "actual" ALP growth. For comparison, this paper applies the "traditional" (TRAD) ALP growth decomposition originally devised for output in constant prices (Denison, 1962) to output in CVM.
Section 2 of this paper presents GEAD and Section 3 presents TRAD. Section 4 compares them empirically and analytically. Three empirical illustrations show the differences between GEAD and TRAD. They cover current practices in measuring real output: in constant prices (Thailand) using fixed-base Laspeyres quantity and Paasche price indexes; in CVM (US) based on chained Fisher quantity and Fisher price indexes; and also in CVM (Italy) based on chained Laspeyres quantity and Paasche price indexes. The results show GEAD and TRAD are exactly additive when output is in constant prices but GEAD is exactly additive while TRAD is not when output is in CVM. Moreover, GEAD yields empirically purer or analytically superior components than TRAD for measuring within-sector productivity growth effect, dynamic structural reallocation effect (Baumol effect) , and static structural reallocation effect (Denison effect)-regardless of the measure of real output and of the behavior of relative prices.
1 However, GEAD and TRAD are identical when relative prices are constant. But considering that relative prices do change in reality, the findings support the recommendation in the concluding Section 5 that GEAD replace TRAD in practice. This recommendation motivates this paper given the widespread application and persistent use of TRAD in ALP growth decomposition, for example, in recent studies by ADB (2010) and IMF (2006). (Ehemann, Katz, & Moulton, 2002; Schreyer, 2004) .
"GEAD" DECOMPOSITION OF ALP GROWTH
For analytical purposes, define the following ratios,
and are output price deflators. Their ratio reflects relative price differences between a sector and the entire economy. Moreover, is aggregate labor productivity (ALP) while is sectoral labor productivity and is a sector's share of total labor.
It follows from (2.1) and (2.2) that = = . Therefore, the relationship between and in any two adjoining periods and -1 may be expressed as,
It may be emphasized that (2.3) is generally valid because = and = are true by definition of real output as a deflated value whatever the formula for the deflators and . 
Except for differences in notation, (2.7) is the decomposition formula devised by Tang and Wang (2004) for ALP growth in Canada and the US where real outputs are CVMs. 4 However, as shown later, (2.7) is also applicable to output in constant prices.
The first term in (2.7),
, is similar to the pure productivity growth effect (Nordhaus, 2002) . To see why, suppose there are no changes in relative prices and in labor shares so that − −1 −1 = 0. In this case, the second and third terms equal zero and, thus, the first term measures the contribution to ALP growth from productivity growth alone of individual sectors, without interaction effects captured by the second and third terms.
However, in the presence of changes in relative prices and in labor shares, the second term,
, is non-zero. This is like the Baumol effect (Nordhaus, 2002 ) based on the finding (Baumol, 1967; Baumol, Blackman, and Wolff, 1985) that resources could be absorbed predominantly by stagnant industries. This is possible since industries with a low value of
, i.e., stagnant, could have a high value of
Moreover, with the above changes, the third term,
also non-zero. This term is similar to the Denison effect (Nordhaus, 2002) after Denison (1962) who pointed out that movement of resources from a low-productivity industry to a highproductivity industry could raise ALP growth even if the productivity growth rates of the two industries were the same. To illustrate, suppose there are two industries and with the same productivity growth rates or = but has a higher productivity, i.e., −1 > −1 . In this case, the third term above yields the Denison effect that the ALP growth rate may rise if resources (e.g., labor) move from to when − −1 −1 > − −1 −1 . (3.5) Formula (3.5) can be shown to be equivalent to the formulas in the IMF (2006) study, page 98, and in the ADB (2010) study, page 5, although they look different. In the ADB study, the first term of (3.5) is the within-sector productivity growth effect (WSPGE); the second term is the dynamic structural reallocation effect (DSRE); and the third term is the static structural reallocation effect (SSRE). Recalling the names for similar "effects" by Nordhaus (2002) in the GEAD ALP growth decomposition in (2.7), WSPGE corresponds to pure productivity growth effect; DSRE corresponds to Baumol effect; and SSRE corresponds to Denison effect.
"TRAD" DECOMPOSITION OF ALP GROWTH

COMPARING "GEAD" AND "TRAD"
To compare GEAD in (2.7) and TRAD in (3.5), these ALP growth decomposition formulas are applied to the agriculture sectors in Thailand where real output is GNP in constant prices; in the US where it is value-added in CVM; and in Italy where it is also value-added in CVM but based on different chained indexes than in the US. These applications were chosen for convenience, given that the output and employment data for the agriculture sector in each country are disaggregated into only two subsectors, which will suffice for illustrative purposes. Note: WSPGE is within-sector productivity growth effect ; DSRE is dynamic structural reallocation effect ; and SSRE is static structural reallocation effect . These terms are used in the ADB study (October 2010) and these terms correspond to pure productivity growth effect , Baumol effect , and Denison effect (Nordhaus, 2002) . This paper's adaptation of the Tang If output is in constant prices, the last two columns of Table 2 -A show that GEAD and TRAD are exact by yielding the "actual" overall labor productivity growth of 1.3788 percent.
However, the components are different. "Agriculture, hunting and forestry" contributed only 0.0989 from GEAD but a larger 0.6303 from TRAD. "Fishing" contributed 1.2800 according to GEAD but a much smaller 0.7485 contribution according to TRAD.
Considering that the decompositions in Table 2 -A can be done each year over many years, the above results show that GEAD and TRAD could paint very different pictures of the economy's industrial transformation. In turn, GEAD and TRAD will have different implications for policy. Therefore, choosing one over the other needs to be analytically well-grounded.
The empirical differences between GEAD and TRAD components in Table 2 The first terms of GEAD in (4.1) and TRAD in (4.2) measure WSPGE as before in (2.7) and (3.5). However, DSRE and SSRE are now combined in the second terms of (4.1) and (4.2).
GEAD's WSPGE given by the first term of (4.1) involves only sectoral deflators in the real growth term , i.e., no overall deflator is involved. But TRAD's WSPGE given by the first term of (4.2) involves sectoral deflators in the real growth term * and the overall deflator −1 * .
The presence of −1 * implies that TRAD's WSPGE is not purely a "within sector" measure. In contrast, all deflators in GEAD's WSPGE are sector 's own and, thus, a purely "within sector" measure. Thus, GEAD yields an empirically purer WSPGE than TRAD.
Comparing the second terms measuring the combined DSRE and SSRE, GEAD in (4.1) recognizes the role of relative prices in reallocation by the presence of the price index ratios, −1 and . In contrast, TRAD in (4.2) gives no role to relative prices in reallocation by the absence of the above price index ratios. If labor shares are constant, the second term of TRAD equals zero, implying no reallocation effects. In contrast, the second term of GEAD could still be non-zero provided that relative prices change, implying non-zero reallocation effects. This is possible because changes in relative prices could change the output mix and, hence, induce reallocation effects from more intensive use of other inputs (e.g., capital equipments) even though labor may be immobile, in which case labor shares are constant. These considerations make GEAD analytically superior to TRAD in measuring DSRE and SSRE in the preceding empirical illustrations for the general case when relative prices are not constant.
If relative prices are constant, all price indexes are equal to a positive constant . Hence, = = * = * = so that = = * = * * = 1, all ( , ). Therefore, GEAD in (2.7) or (4.1) and TRAD in (3.5) or (4.2) become identical. But if relative prices are not constant over time while real output is measured in constant prices of a fixed base year (Table 1- A), GEAD and TRAD are equal but not identical (Table 2-A) . 6 That is, GEAD and TRAD components add up to the same (i.e., equal) "actual" overall ALP growth but the corresponding components are different. However, GEAD is superior to TRAD, as shown above.
For another contrasting feature, GEAD is exact but TRAD is not when real output is measured in CVM. For illustration, these formulas were applied to value added and FTE employment data (2008) (2009) Note: WSPGE is within-sector productivity growth effect ; DSRE is dynamic structural reallocation effect ; and SSRE is static structural reallocation effect . These terms are used in the ADB study (October 2010) and these terms correspond to pure productivity growth effect , Baumol effect , and Denison effect (Nordhaus, 2002) . This paper's adaptation of the Tang and Wang (2004) decomposition formula in (2.7) yields the results reported in the columns headed by GEAD while ADB's (2010) and IMF's (2006) decomposition formulas, which are equivalent to (3.5), yield the results reported in the columns headed by TRAD. In Table 2 -B, the sum of GEAD components exactly equals "actual" 2009 US agricultural sector labor productivity growth of 7.6529 percent. In contrast, the sum of TRAD components is 7.6349 percent, which is different. This is not surprising because TRAD applies only to real output in constant prices but US real output is a CVM based on the chained Fisher quantityFisher price index framework. In this case, given that TRAD is "inexact" while GEAD is "exact," the latter is analytically superior to the former.
For another illustration of the exactness of GEAD but inexactness of TRAD in ALP growth decomposition, consider Table 1-C and Table 2 -C for the agriculture sector of Italy where real output is also a CVM based on the chained Laspeyres quantity-Paasche price index framework adopted by EU countries (Schreyer, 2004) .
In similar manner to Table 2 -B, Table 2 -C shows that the sum of GEAD components exactly equals "actual" 2009 Italian agricultural sector labor productivity growth of 1.3160 percent. Moreover, GEAD components differ from TRAD components and the latter sum to 1.1461 percent, which is different from the above actual labor productivity growth. Table 2-B and Table 2 -C complete the illustration of the exactness of GEAD and the inexactness of TRAD in ALP growth decomposition in the CVM framework in current practice. 7 Presumably, the same results will follow from the CVM framework based on chained Paasche quantity and Laspeyres price indexes. However, no country appears to have adopted this framework. The reason could be that fixed-base Laspeyres quantity and Paasche price indexes underlie real output in constant prices. Thus, it seems natural or logical for countries converting output from constant prices to CVM-like the countries in the EU-to adopt the chained Laspeyres quantity and Paasche price indexes. Note: WSPGE is within-sector productivity growth effect ; DSRE is dynamic structural reallocation effect ; and SSRE is static structural reallocation effect . These terms are used in the ADB study (October 2010) and these terms correspond to pure productivity growth effect , Baumol effect , and Denison effect (Nordhaus, 2002) . This paper's adaptation of the Tang and Wang (2004) decomposition formula in (2.7) yields the results reported in the columns headed by GEAD while ADB's (2010) and IMF's (2006) decomposition formulas, which are equivalent to (3.5), yield the results reported in the columns headed by TRAD. 
CONCLUSION
This paper showed that in ALP growth decomposition, GEAD is exact if real (net) output─e.g., GNP, GDP, or value-added─is measured either in constant prices or in CVM. In contrast, TRAD is exact only if real output is in constant prices. In the latter case, with changing relative prices, GEAD and TRAD are both exact but their components (i.e., WSPGE, DSRE, and SSRE) are different. However, the components from GEAD were shown empirically purer than or analytically superior to those from TRAD. On the above grounds, considering that the contributions to ALP growth can be classified by industry or region each year over many years, GEAD provides a more analytically well-grounded picture over time of the economy's industrial or regional transformation than TRAD. The overall implication is that GEAD should replace TRAD in practice. This finding motivates this paper given the widespread application and persistent use of TRAD in ALP growth decomposition, for example, in recent studies by ADB (2010) and IMF (2006) .
